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EDITORIAL 


HE importance of Professor Macintosh’s paper, printed 

in the January number of the Journal, needs no stressing: 
he says what many of us have been thinking for years. The 
Coroner’s inquiry has no scientific value and is not meant to 
have: it is his duty to find out if there has been any foul play or 
criminal neglect. Having satisfied himself on these points his 
duty ends there. But that is precisely where ours begins, or as 
Professor Macintosh says: “the case should be passed on to a 
professional committee’. This is already done in some areas, 
and has been the procedure at the Manchester Royal Infirmary 
for many years past. 

If, as Professor Macintosh says, there are “‘ about 150 deaths a 
year in this country in which there must be a strong presumption 
that the anzsthetist has slipped up badly ”, it is highly desirable 
that we should know all about them, so that we may learn from 
other people’s mistakes as well as from our own. 

For this purpose Professor Macintosh suggests, “ Every region 
should have a committee to study anzsthetic deaths with the 
object of preventing similar tragedies elsewhere”. The 
Association of Anesthetists is at the moment setting up the 
machinery for a Central Committee of Investigation of these 
occurrences. The liaison between the Central Committee of 
Investigation and the various areas of the country would, pre- 
sumably, have to be established through either personal repre- 
sentatives of the Association or area sub-committees of the 


Association. We understand that some Regional Boards have 
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set up or are contemplating setting up committees of inquiry, in 
which case these committees would be under the control of the 
Regional authorities, i.e. our employers. This would be a 
dangerous principle and quite unacceptable. One wonders what 
would be the reaction of the surgeons were their accidents to be 
investigated by the Regional authorities. 

There are many other points in Professor Macintosh’s paper 
which will no doubt stimulate discussion among its readers. 
We hope, too, that it will arouse interest in the safeguarding of 
our patients from preventable accidents, and to that end we feel 
that the introduction, by the British Standards Institution, of 
non-interchangeable couplings for gas cylinders and the 
standardization of their colours is a step in the right direction. 

But the human factor will always be present, and each anzs- 
thetist must discipline himself to leave no possible flaw or room 
for error in his technique. 


As a result of the recent Parliamentary debates on the 
question of obstetrical analgesia, the Ministry of Health 
Working Party recommended the setting up of a Medical 
Research Council Committee to investigate the problem. 
Apparently this Committee has decided to develop and test 
suitable machines for Trilene analgesia for use by midwives. 

The results of these experiments will undoubtedly be of 
great value. It would be of interest also to determine whether, 
in fact, the present methods available for analgesia are 
unsatisfactory, and whether the mothers of the country as 
opposed to the politicians are dissatisfied with these methods. 

It may be that the fault lies not with the methods but with 
their application. 


Since the institution of the National Health Service a 
number of new Anasthetic Societies based on the new regions 
have come into being. Some of these have, for the past eighteen 
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months, undertaken the most elaborate and ambitious 
programmes. In this respect congratulations are specially due 
to the Society situated in the South West Region for the 
splendid organization and enterprise of their summer meetings. 

A newcomer is the Society of Anzsthetists of South Wales 
who have elected the following officers for this year: President— 
Dr. H. Musgrove; Vice-President—Dr. W. W. Mushin; 
Honorary Secretary—Dr. D. S. Jones; Honorary Treasurer— 
Dr. Harvey Nichol. 

These enterprises are greatly to be encouraged and are a 
healthy sign of the intense academic activity which is becoming 
apparent in this specialty. 





We are honoured to be able to print the biography of Ralph 
Milton Waters written by our esteemed friend and colleague 
Noel Gillespie. We feel confident that this will remain the 
authoritative biography for many years to come, and we are 
happy to be associated with Professor Gillespie in paying tribute 
to a great pioneer and leader. 





Subscribers are reminded that the Editorial Office is still 
situated at 57, Church Street, Old Isleworth, Middlesex, and 
that all enquiries should be referred to that address. 








LIVER DAMAGE IN ANASTHESIA 


(An essay in partial fulfilment of the requirements in the Three- 
Year Diploma Course, Department of Anesthesia, McGill 
University, Montreal, Canada.) 


By F. L. JoHNson, M.D. 


|S man within the impressive bulk of that seemingly 
somnolent organ, the liver, are many vital processes. These 
functions are maintained with great constancy and dogged 
persistence, even to the point of cellular damage and necrosis, 
so that Mann has aptly dubbed the liver “the physiological 
drudge of the body”. In keeping with the rdle of a drudge, 
many body functions are accorded to its sphere of activity, as 
it were by a process of elimination, there being no other demon- 
strable site. 

Unequivocally, however, we may say that the liver plays a 
dominant réle in carbohydrate and protein metabolism, bile 
formation, detoxification, blood coagulation and heat elabora- 
tion. Carbohydrates are here changed to glycogen and stored in 
quantity within the liver. The breaking down of proteins, the 
selection and disposition of the useful portions, the disposal of 
the remainder in the form of urea and allied products, and the 
synthesis of the protein components of the plasma are here 
effected. The bile constituents, taurocholic and glycocholic 
acids, are synthesized and collected by a most intricate system 
of bile canaliculi which permeate the entire structure. The vast 
majority of the toxins which gain entry into the body, thera- 
peutically or otherwise, are first rendered innocuous and then 
pass on to the kidneys for elimination. The protein fibrinogen 
is elaborated within the liver cells and passes into the blood- 
stream in the molecular state through the cellular defining mem- 
brane, to play an integral part in the blood-clotting mechanism. 


This passage of a formed molecule of protein through the 
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cellular containing mechanism points out some deficiencies in 
our former concepts of cell membranes. It is a logical sequence 
of these many functions to find that the liver possesses a high 
degree of metabolic activity, with large requirements of oxygen, 
and Crile (1926) has shown that as much as a third of the total 
body heat is evolved by the liver. 

Signal contributions have been made to our knowledge of 
liver physiology by Mann and his co-workers of the Mayo 
Foundation (1934, 1936). They found that dogs continued to 
live when all but the two lower right lobes of the liver were 
removed, equivalent to approximately 70 per cent extirpation of 
liver substance. Its great powers of regeneration were apparent 
when, six to eight months later, it was found that the liver had 
returned to normal size. Furthermore, repeated damage to the 
dog’s liver by chloroform produced a type of cell which was more 
resistant to the toxic agent. Such works, adequately substantiated 
by many others, are possibly responsible for a period of implicit 
trust in the invulnerability of this organ. Gradually, however, 
an increasing volume of evidence has accumulated to show that 
our abiding faith in the magnitude of liver reserve, in the 
absence of the more cardinal signs of liver dysfunction such as 
jaundice and abnormal size, has been ill-founded. All too often 
patients were found who gave clinical evidence of hepatic func- 
tion sufficient for the daily round of life, and yet following even 
the simpler forms of elective surgery with accepted anzsthetics 
fell into an unforeseen morbid state. The latter often was 
characterized by a prolonged recovery from anzsthesia, persis- 
tent vomiting and disturbed digestion, lethargy and icterus, often 
proceeding to total disorientation, coma, gross hyperpyrexia and 
death. The correlation of this clinical picture with the finding 
of widespread degenerative changes in the liver parenchyma 
produces a pathological picture of hepatic failure. The conclu- 
sion was inescapable that the limited powers of the liver had 
been exceeded in these cases. There followed pleas from many 
sources, perhaps most vehemently from Boyce and his co- 
workers (1938), 1939), for a close appraisal of the functional 
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and reserve capacity of the liver in every patient for whom 
surgery is advised. They insist that there be no exceptions, 
however minor the procedure may be graded, and state that 
assessment of liver function should be a sine qua non of all 
surgery. 

Appraisal of the level of hepatic performance on clinical 
grounds alone has proved inadequate, for when jaundice appears 
or the organ is found to be enlarged or atrophied and the clinical 
signs of toxicity are apparent, the disease has become serious. 
The arduous search for an adequate laboratory method of show- 
ing up the true condition of the liver is still in progress. Not 
the least value of this yet unfulfilled endeavour has been a clearer 
understanding of the interrelated mechanisms within the 
elaborate structure. Yet, while the many processes within the 
liver may proceed simultaneously, they are not equally depressed 
by pathological processes. Thus we find that the liver continues 
to metabolize proteins satisfactorily in the presence of advanced 
disease while the detoxifying powers are believed to suffer 
earlier. 

The galactose and laevulose tolerance tests are designed to 
ascertain the metabolic response of the liver to measured 
quantities of these carbohydrate substances, but are criticized 
on the basis of great individual differences in the way in which 
these substances are normally metabolized, plus the fact that 
other body tissues, muscle, etc., are believed to share in carbo- 
hydrate disposition. 

Estimations concerning protein metabolism have proved of 
little value for the reason mentioned earlier. Tests of bile meta- 
bolism, on the whole, tend to elicit information regarding 
various obstructive phenomena rather than the liver function 
per se. In this group, however, the bilirubin test is regarded as 
showing great sensitivity to hepatic impairment, but its great 
expense limits its use. In addition, the test is somewhat difficult 
of performance and calls for frequent blood sampling, thereby 
damaging veins, the preservation of which might later prove 
vital for life-saving intravenous therapy. The fact that its use 
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is generally precluded in cases of jaundice is unfortunate, for it 
is in just such cases that it would offer information of great 
value. 

The dye tests, based upon the rapidity with which the Kiipfer 
cells lining the liver sinusoids are able to clear dye substances 
from the blood-stream, have been generally well accepted. This 
mechanism is believed to show impairment early. The clinical 
usefulness of the dye tests was recognized in Graham’s clinic 
(1933). In an investigation of the cause of four unexpected 
“liver deaths” following cholecystectomy, it was found that 
there had been an unusually high retention of the dye phenolte- 
traiodophthalein sodium which had been given for radiological 
study of the gall bladder. Subsequently, dye retention studies 
were performed on all patients for biliary surgery. Those cases 
showing a dye retention of 50 per cent or more were given 
additional supportive therapy and the result was a striking 
reduction in the operative mortality following biliary surgery. 
Rosenthal and White (1925) found the dye bromsulphalein to 
be particularly suitable, following a study of many dye sub- 
stances. A further improvement in sensitivity was the discovery 
of the principle of “liver loading ”’, that is, giving the maximum 
amount of dye which the normal liver could clear in a measured 
interval of time. This test, in the hands of Rosenthal and 
Bourne (1928), proved to be more sensitive than measurements 
of bilirubin in the blood and urobilinogen in the urine. Thus 
in following the progress of recovery of the liver injured by 
periods of narcosis, whereas the bilirubin and urobilinogen 
levels were normal after three days, the bromsulphalein tests 
clearly indicated the residuum of the injury for as much as 
eight days. Using this test in extensive laboratory and clinical 
investigations, Bourne and his associates have satisfactorily 
assessed the position of many anzsthetic and narcotic agents 
in relation to the question of liver trauma. 

The milestones marking the progress of our increasing know- 
ledge of the way in which chloroform exerts its effects on 
metabolism in general, and the liver in particular, date back to 
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1850. In that year Casper (1850) wrote of the possibility of death 
from the delayed action of chloroform on the liver. It is interest- 
ing to note that no mention is made of this phase of chloroform 
toxicity in John Snow’s book published just two years earlier. 
We now realize that there are great individual differences in the 
susceptibility of both man and animal to the noxious potentiali- 
ties of chloroform. Accordingly this aspect of the pernicious 
qualities of this then new anasthetic drug was not immediately 
recognized. Throughout the ensuing years, with increasing 
frequency, pathologists had opportunity to demonstrate morbid 
conditions of the liver in the wake of chloroform anzsthesia, 
and delayed chloroform poisoning became an established clinical 
condition. 

Degenerative changes in the liver, varying all the way from 
fatty infiltration and hyaline degeneration to complete necrosis, 
with lysis of cell structure and outline, were found. The maxi- 
mum damage invariably appeared in the central portions of the 
individual liver lobule, and this finding enters into most of the 
theories which attempt to explain the nature of chloroform 
toxicity. The fatty deposits also are more abundant in the central 
area of the lobule. Wells (1908) postulated that chloroform, 
due to its high lipoid solubility, is retained in the central portion 
in critical concentrations for a period of time sufficient to 
damage the cell. We must infer that the vital oxidative processes 
within the cell are disturbed when we consider certain pertinent 
evidence relating to oxygen tensions within the area. Gold- 
schmidt, Ravdin and Lucke (1937) materially reduced these 
morbid sequele by administering chloroform volatilized with 
pure oxygen in place of air. There was a concomitant improve- 
ment in the oxygen content of the afferent liver circulation when 
pure oxygen was used. There was 25 per cent less oxygen in the 
portal blood with air volatilization, and the oxygen content of 
the hepatic veins was reduced by one-third. Martin, Bunting 
and Loevenhart (1916) subjected rabbits to reduced oxygen 
tensions (5 to g percent) for periods of one week, which resulted 
in most marked and extensive liver damage. In accordance with 
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physiological principles, the gradient of oxygen tensions 
probably decreases in the direction of the blood-flow as it leaves 
the periphery of the lobule, leaving the central portion in a 
precarious position as regards oxygen requirements. Any further 
reduction in the oxygen supply to these cells reduces the oxygen 
tension below the critical minimum levels, so that the cell is no 
longer able fully to maintain oxidative and reparative processes 
essential to its own survival. The proteolytic phase of its meta- 
bolism proceeds more or less unimpeded. The question of the 
ultimate fate of the cell would appear to depend on the 
delicate balance between the two mechanisms, the one restora- 
tive, the other destructive. 

The cellular substrates appear to be of equal importance to 
the defence mechanism. It was first shown by Opie and Alford 
(1914) that the cell which is loaded with fat deposits exhibits a 
much greater liability to toxic damage, while the feeding of a 
high carbohydrate diet, by increasing the store of glycogen in the 
liver cells, exerts a protective effect. These findings have been 
frequently confirmed to the point where they have become 
almost axiomatic. Goldschmidt, Vars and Ravdin (1939) further 
elaborated these observations and showed a constant relation- 
ship between the lipoid content of the liver and the degree of 
damage produced by chloroform. They were unable to demon- 
strate the protective influence of high glycogen storage levels so 
long as the fat content of the liver remained elevated, but signifi- 
cantly noted the beneficial effects of feeding foods rich in pro- 
tein. They hazarded the opinion that carbohydrates, by serving 
as a ready source of energy for the liver cell, thereby “ spared ” 
the protein of the cytoplasm, the amino-acids of which were 
accordingly available to the cell for the resynthesis of vital pro- 
tein constituents, so that the regenerative phase could keep pace 
with the destructive forces within the cell. This was amply 
borne out by Miller and Whipple (1940). By repeatedly bleed- 
ing dogs placed on low protein diets, they were able to control 
the degree of protein depletion and found a direct correlation 
between protein levels and the degree of liver damage produced 
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by chloroform. Whereas the normal well-fed dogs could tolerate 
forty minutes of chloroform anzsthesia without observable 
effects, the same dogs, after protein depletion, succumbed after 
fifteen to twenty minutes of chloroform. Miller, Ross and 
Whipple (1940) went on to show that of all the amino-acids, 
methionine and, to a lesser extent, cystine, were the most impor- 
tant in the protection of the liver. The same protein-depleted 
dogs were protected against forty minutes of chloroform by the 
intravenous administration of these specific protein fractions, 
given from five to two hours prior to the anesthetic. None of 
the other amino-acids studied showed comparable effects. When 
methionine and cystine were given in the post-anzsthetic period, 
they gave protection for four hours but not at all thereafter. 
These apparently key amino-acids, unique in that they contain 
sulphur in the free sulfhydril group, are shown to be lipotropic 
in action. They are essential to the mechanism by which fats 
are transported and removed from fat depots. Accordingly, if 
methionine and cystine are not present in sufficient amounts, 
the lipoid content of the cells remains high and is not affected 
by other food factors. Miller and co-workers offer the theory 
that methionine and cystine may detoxify chloroform directly, 
with the formation of products of the mercaptonuric acid series 
by direct linkage. Alternatively, they may play a key rdle in the 
resynthesis of liver proteins. 

There is ample clinical laboratory evidence to show that of 
all anesthetics chloroform evokes the most profound metabolic 
disturbances, of which its deleterious effect upon hepatic func- 
tion is but one manifestation. While anzsthetics universally 
produce a modest reduction in liver glycogen levels, Murphy 
and Young (1932) have shown that the glycogen content is 
reduced to one-quarter of normal after fifty minutes of chloro- 
form, with a parallel increase in the blood sugar level. We are 
indebted to Rosenthal and Bourne (1928) for our awareness of 
the fact that the total recovery period following chloroform must 
be measured in terms of weeks rather than hours and days. Thus 
in dogs, following one half-hour under chloroform anzsthesia, 
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the bromsulphalein tests did not give normal values for eight 
days. After two hours under chloroform, no less than six weeks 
were required for the liver function to return to normal. They 
stated that, “chloroform poisoning is synonymous with 
chloroform anesthesia”. They were unwilling, however, 
totally to condemn this agent. On the basis of the less sensitive 
urobilin tests in a series of obstetrical patients to whom chloro- 
form had been given, Morrison and Swalm (1942) found that 
there was evidence of toxicity lasting for twenty-four hours. 
Accordingly, one would avoid its use in patients whose reserve 
of liver function is known or suspected to be reduced. Such 
patients are to be found amongst those suffering from cirrhoses 
and malnutrition. Patients requiring surgery of the biliary tract 
(Boyce, 1938) and of the thyroid gland (idem, 1938) show 
a high incidence of impaired liver function associated with their 
disease. 

Using the same bromsulphalein test, Rosenthal and Bourne 
(1928) showed that ether, too, caused an impairment of liver 
function. One half-hour of ether anesthesia was sufficient to 
cause a reduction in the dye clearance, which reduction was 
increased proportionately with an increase in the anzsthetic 
time. After two hours of ether the average dye retention was 14 
per cent, whereas after two hours of chloroform the dye retention 
averaged 20 per cent. However, twenty-four hours later, the 
animal subjected to ether had completely recovered while the 
chloroform subject showed an even greater reduction of dye 
clearance. We are reassured by the absence of clinical histories 
and post-mortem evidence of hepatic lesions produced by ether, 
but must keep in mind that such lesions do occur as frequently 
with ether as with chloroform, although less extensive and less 
severe. 

It would appear that divinyl ether is relatively free from direct 
toxic effects if used for short periods of time (Goldschmidt 
1934; Bourne, 1935; idem, 1934). When it was administered 
to dogs for periods in excess of two hours, deleterious effects 
were noted. Hawk, Orth and Pohle (1941) report a case of 
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hepatic and renal damage following prolonged Vinethene 
narcosis. This patient, a woman of thirty-three, had made 
an uneventful recovery following a dilatation and curettage 
performed under Vinethene anzsthesia. A short time later 
she was subjected to Vinethene anzsthesia for a total of 104 
minutes while a pelvic repair was done. Intractable nausea and 
vomiting persisted throughout the first ten days of the post- 
operative period. On the fifth post-operative day the patient 
was lethargic, jaundiced, and exhibited hemorrhages from the 
nose, mouth and vagina. She was extremely ill and her recovery 
was in doubt until the seventh week of the post-operative 
period. Laboratory studies showed a marked fall in urea clear- 
ance, changes in the icteric index, prothrombin time and urine, 
indicating a true hepato-renal syndrome. There seemed little 
reason to doubt that the anzsthetic agent had caused the unfor- 
tunate complications. The critical time, beyond which we may 
anticipate toxic manifestations, appears to be in the neighbour- 
hood of two to three hours. Thus we would probably do well 
to avoid its extended use but may employ it with confidence for 
short operations. 

Rosenthal and Bourne (1928) showed that the gaseous 
anzsthetics then in use, nitrous oxide and ethylene, do not 
themselves cause any appreciable disturbance of liver function. 
This, of course, implies that adequate oxygen be given with the 
gases, for even minor degrees of associated anoxia proved 
injurious. Mindful of the extreme caution required to avoid 
hypoxia when administering nitrous oxide and ethylene, they 
recommended that, if need be, one should not hesitate to add 
ether to the gases in cases of liver damage. Raginsky and Bourne 
(1934) studied the effects of cyclopropane in dogs. This 
agent proved remarkably free of toxic effects. They were unable 
to elicit liver impairment in spite of prolonged and repeated 
administrations, and found that it did not superimpose any 
increment of damage to the liver of the dog previously poisoned 
with chloroform. Bourne (1934) showed that, as used in 
obstetrics, it did not cause any serious liver dysfunction. These 
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studies showed that the gaseous anesthetics could be used as 
supplementary agents without fear of enhancing any unfavour- 
able effects of the primary anzsthetic or the operation itself. 

The position of avertin relative to liver dysfunction is similar 
to that of ether. Only a very mild parenchymatous degenera- 
tion followed its repeated administration to dogs (Bourne, 1931; 
Bruger, 1938). If the liver was purposely damaged by chloro- 
form previously, avertin increased the damage slightly but did 
not affect the total recovery period. In man, twenty-four hours 
after 100 milligrams per kilo were introduced, normal values 
for the bromsulphalein test indicated the purely temporary 
effect. Bourne, however, cautions that while its use is not 
precluded in the presence of liver disease, yet the dosage should 
be somewhat reduced. 

The status of the barbiturates, Evipal and Pentothal, as they 
relate to this matter, is more difficult to define. That the liver 
probably plays a not inconsiderable part in their detoxification 
and elimination is inferred from the observation of prolonged 
narcosis resulting from these drugs in individuals with deficient 
liver function. There are reports in the literature of the 
occasional finding of anatomical changes in the liver following 
administration to animals. They appear to cause a modest glyco- 
genolysis (Lundy, 1941). Reynolds (1941) found areas of local 
necrosis in the liver substance of white mice following Pentothal. 
However, there is insufficient evidence to show that barbiturates 
act as specific liver poisons even after repeated use, although the 
majority of writers state that they should not be used in the 
presence of liver damage. 

Boyce (1938) was among the first to point out that, for clinical 
purposes, the study of the effects of the anzsthetic alone was not 
sufficient. The greatest value accrued from the study of the 
anzsthesia and surgery conjointly, endeavouring to analyse the 
various effects of each . This of necessity introduces many new 
factors bearing on hepatic physiology, such as variations in the 
circulating blood volume and disturbances in hepatic circula- 
tion, heat loss, plasma proteins, acid base mechanics, surgical 
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trauma and so forth. Evidence was evinced by the Quick 
hippuric acid test, that depression of liver function occurred 
following elective operations such as herniotomies under low 
spinal anesthesia. One group consisting of young and vigorous 
men showed an average drop of 49 per cent in hepatic efficiency 
for the first twenty-four hours post-operatively, the surgery con- 
sisting of elective appendicectomies and herniotomies under 
low spinal anesthesia. At their clinic, both ether and ethylene 
gave better post-operative results in terms of liver function. 
However, in their reports a lack of critical case analysis is 
evident and such vital data as blood-pressure levels and percen- 
tage of oxygen administered are omitted. Since that time many 
investigators have shown spinal anzsthesia to be less harmful 
than Boyce has claimed, so that it is now held in better 
light (Morrison, 1942; idem, 1943; Cole, 1947). Schmidt, 
Unruh and Chesky (1942), using the same Quick test 
that Boyce had used, found that whereas with ether there 
was always a drop in test values, spinal patients gave high 
values unless there had been an appreciable hypotension during 
the operation. As a corollary to this work Boyce showed that 
60 per cent of patients with thyrotoxicosis also had a severe 
degree of liver impairment; that the so-called “ thyroid storm ” 
could be neatly explained on the basis of liver decompensation 
in many cases, and added further thought and consideration to 
the postulate of the hepato-renal syndrome. 

In weighing the relative effects of the operation and the anas- 
thetic upon the liver, the work of Engstrand and Friberg (1945) 
is outstanding. They showed that cholecystectomy and 
choledochotomy could be performed under high Nupercaine 
anzsthesia and with abundant oxygen, without marked effect on 
the liver, as judged by accepted liver function tests. However, 
with the same high Nupercaine anzsthesia and with a sustained 
blood-pressure and oxygen administration, gastric resection 
invariably resulted in pronounced and rather prolonged depres- 
sion of liver function. Thus the operative measure of itself, 
or in conjunction with the anasthetic, exerts a strongly 

















Liver Damage in Anesthesia 175 


disturbing effect. Whenever any considerable fall in the blood- 
pressure occurred under high spinal anesthesia, a rather severe 
dysfunction followed lasting for two to ten days. In all intra- 
peritoneal operations there was an evident tendency in the 
direction of reduced liver function compared with operations 
on the extremities which gave rather better values. They logically 
turned to a consideration of the hepatic circulation to assay an 
explanation. Of the total volume of blood which circulates 
through the liver, 75 to 80 per cent is from the portal system. 
The hepatic artery, providing the remaining 20 to 25 per cent of 
the blood volume, is probably the major donor of the oxygen 
supply. However, there is evidently a rather rigid limitation to 
the ability of the hepatic artery to compensate for a reduction in 
circulation on the portal side. It would appear rational to infer 
that any interference with the tonus of the venous system in 
the lower half of the body, such as undoubtedly occurs under 
spinal anzsthesia, would result in a sluggish portal flow. A 
reduction in pressure on the arterial side, coincident with an 
over-all hypotension, accordingly, would doubly jeopardize the 
liver in respect to its blood supply. This sequence, inferring as 
it does a local hypoxia, of however minor degree, appears 
adequate to account for the reduction in functional test values, 
for we are well aware that the liver shows a poor tolerance to 
any reduction of its oxygen supply. 

Many investigators of late are turning to the field of nutrition 
in an effort to explain some of the undesirable sequele of 
surgery and its ally anesthesia. The profound weakness and 
debility which are so distressing in the post-operative period, 
particularly in the patient of advancing years, may prove to be 
a reflection of the metabolic disturbances following abrupt dis- 
location of the normal dietary régime. Until comparatively 
recent times surgical patients were starved pre-operatively and 
came to surgery grossly deficient in body fluids, vitamins, and 
protein stores, and with the liver practically devoid of glycogen. 
Many patients, following operations on the gastro-intestinal 
tract, could not take nourishment by mouth for several days 
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until the normal alimentary process was re-established. Fortu- 
nately all this has changed. Due to the advances in the field of 
parenteral feeding we are not so reliant on the alimentary tract 
as an avenue for providing nourishment. We are now able to 
give most of the essential elements of body nutrition by vein 
and thus maintain nourishment fairly adequately for several 
weeks. We must not lose sight of the fact, however, that the 
alimentary route has proved much superior to the parenteral 
methods of administering to metabolic needs. Thus Althausen 
(1932) demonstrated that while introduction of glucose by vein 
did increase glycogen stores, the feeding of glucose by mouth 
resulted in “liver cells literally stuffed with glycogen”, the 
readily metabolized, protective body fuel. The addition of 
insulin to the intravenous glucose therapy to “ cover ” the carbo- 
hydrate did not increase the amount of glucose stored, at least 
in the individual with normal carbohydrate metabolism. Since 
the liver glycogen is dispatched so readily in response to body 
needs, we find that the storage level is in a constant state of flux 
and that even a short period of starvation reduces it to very low 
levels (Goldschmidt, 1939). It becomes necessary, therefore, to 
offer suitable carbohydrate in the immediate pre-operative 
period, and throughout the operation if we would maintain its 
protective level. Since it is possible to give very large amounts 
of carbohydrates by vein within a short period of time, any 
accumulated deficiency in the carbohydrate fraction of the diet 
is readily amenable to correction. Deficiencies in fluid, electolytes 
and vitamins are likewise easily and speedily correctable 
(Elman, 1944). 

Patients deficient in protein are doubly vulnerable to liver 
impairment, since deficiency in protein militates against a 
balanced liver metabolism, and any operative procedure 
enhances the nitrogen catabolism, with increased nitrogen 
excretion, resulting in further reduction in vital protein levels 
(Cole, 1947). Handler and Dubin (1946) studied the sequelz 
of protein deficiency in rats. On a diet devoid of protein, 
relatively few of the animals survived the four-month experi- 
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mental period. The survivors showed extensive liver damage, 
marked by fibrosis and actual necrosis of the liver parenchyma. 
Fatty infiltration was found, but there was evidence that this 
always preceded the stage of necrosis. The addition of small 
amounts of cystine and methionine to the basal diet completely 
prevented necrotic changes. In studying the dietary of people 
in starvation areas during the late war, a direct parallelism was 
found to exist between low protein intake and the incidence of 
hepatitis and liver dysfunction (Witts, 1947). 

The recognition of lesser degrees of protein insufficiency is 
a matter of some difficulty. The plasma proteins and the 
albumen-globulin ratio tend to be maintained at relatively 
constant levels at the expense of the intracellular proteins drawn 
indiscriminately from the heart, liver, and other viscera. It 
would seem that only a lesser part of the great bulk of muscle 
protein is of value in the stress of increased protein demand. 
When hypoproteincemia is shown by cedema, loss of weight, and 
subjective cardiac distress, there is present a very marked deple- 
tion. The correction of protein deficiency cannot be achieved 
with the same ease that is possible with the body fluids, salt, 
carbohydrates and vitamins. A period of many days or weeks 
of studied attention to the protein intake is necessary to correct 
even lesser degrees of nitrogen imbalance, albeit we now have 
parenteral methods of giving various forms of protein hydroly- 
sates, mixtures of the amino-acids, plasma and blood (Youmans, 
1935)- 

There is acceptable evidence that the body assimilates and 

makes good use of proteins which are given by vein (Whipple, 
1944). They appear to be transferred without further partition 
from the main plasma pool to the cells, where they serve as 
integral cell protein or alternatively are held as reserve substance 
which may be returned to the blood-stream in response to 
demands of the moment. In the light of this newer knowledge 
of the great fluidity and ease with which the storage proteins 
may be transferred within the body, they are now conceived as 
being most dynamic substances, of which the body has but a 

B 
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modest reserve. This is variously estimated to be one to five times 
the volume of the circulating plasma. The liver plays an impor- 
tant part in the regulation of the shift of protein between the cell 
and the plasma. It is known to synthesize the proteins fibrino- 
gen and prothrombin and probably contributes other fractions 
of the albumen of the plasma. Here also end products of 
nitrogen catabolism are changed into substances which can be 
excreted by the kidney. Yet the liver is totally dependent upon 
the intake of adequate amounts of the essential amino-acids 
and especially methionine, the “‘ key substance ” for the smooth 
performance of its many functions. 

All of this entails much work on the part of the liver and 
poses the question of the advisability of administering further 
proteins to patients with liver disease (Witts, 1947). The answer 
to this problem as yet remains in the field of the research worker. © 
There can be no doubt, however, that the recognition and correc- 
tion of protein deficiencies and the maintenance of a positive 
nitrogen balance in the surgical patient will enhance not 
only the protective mechanisms of the liver but the functions of 
the organ as a whole. 


Conclusions: 

In dealing with problems of liver pathology as they may 
relate to anesthesia and surgical procedures, one must not be 
too dogmatic. Of all anzsthetic agents, however, cyclopropane 
appears to exert a minimum effect upon the liver. The other 
gaseous agents, ethylene and nitrous oxide, may be used freely 
only if anoxia is scrupulously avoided. Spinal sequelz on the 
whole may be considered minimal, contingent upon a sustained 
blood-pressure and the maintenance of high oxygen tensions in 
the liver circulation. Ether constantly reduces the efficiency of 
liver function, but this is a temporary effect lasting for one to 
two days. Chloroform may be classed as a liver poison, and 
must be considered an unfortunate choice in the presence of 
liver disease. Consideration of the dietary and nutrition, and 
timely supplementation, particularly of proteins and carbo- 
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hydrates, will prove a valuable adjunct in the maintenance of 
liver function. 
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NASTHESIA in patients undergoing prostatectomy 

presents problems which are commonly encountered in old 
age, in addition to certain difficulties peculiar to this particular 
operation. Not infrequently these subjects are poor anzsthetic 
risks. They may have arteriosclerosis, aneurysmal dilatation 
of the aorta, myocardial degeneration and poor kidney func- 
tion. An added hazard is encountered when there has been a 
previous cerebral vascular catastrophe, and in the past the risk 
may have been so serious that operation has seemed to be contra- 
indicated. In recent years, owing to advances in anzsthesia, 
surgical technique, antibiotics, chemotherapy and control of 
fluid intake, the outlook for these patients has undoubtedly been 
improved. 

The special demands of the surgeon for prostatectomy are 
adequate relaxation, a bloodless field and a method of anzs- 
thesia which will cause as little disturbance as possible to the 
patient’s circulatory condition. These desiderata require further 
examination in the light of the anesthetic techniques which are 
available. 

Good relaxation is required not only to facilitate the enuclea- 
tion of the gland but also to prevent the peritoneum and 
abdominal contents intruding on the field of operation. It can 


be attained with deep general anesthesia, with light general 
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anzsthesia and curarization, or with some form of regional or 
spinal nerve block. Which of these is most nearly ideal depends 
upon the amount of bleeding caused at the site of operation and 
on the effect on the patient’s general condition and, in 
particular, on his circulation. 


Control of Bleeding at the Site of Operation 

The attainment of perfect hemostasis has become important 
with the advent of the newer methods of prostatectomy. With 
the Wilson Hey technique, in particular, success depends upon 
a relatively bloodless field and any anzsthetic which predisposes 
to oozing from the prostatic bed is contra-indicated. This, in 
effect, rules out the use of nitrous oxide, ether, and certainly 
cyclopropane, either alone or in their several combinations. 
Curare used with these agents, although diminishing the toxic 
upset by removing the need for deep anzsthesia, does not pre- 
vent the vaso-dilatation consequent upon their use. It has, in 
fact, been placed under suspicion by some authorities (Mushin, 
1948) of increasing the amount of hemorrhage at the site of 
operation. 

From this point of view, therefore, in the search for an ideal 
anzsthetic a regional or spinal nerve block seems to offer the 
most promise. For prostatectomy a regional nerve block of the 
abdominal wall must be combined with some form of anzs- 
thesia of the prostatic bed. The latter may be attained by local 
infiltration of the peri-prostatic tissues. This technique, how- 
ever, is difficult, and to be completely successful calls for special 
skill. The prostatic area is more easily anesthetized by a caudal 
or a low spinal block. The combination of regional abdominal 
wall block with a caudal anesthetic has been given a fair trial 
by us, but has been abandoned. The caudal block was not 
always satisfactory and not infrequently was found to produce 
as much disturbance to the circulatory system as a full spinal. 
It would seem to the authors, on the other hand, that provided 
the circulatory condition is maintained there is no objection to 
extending the effect of a low spinal up to the region of the 
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umbilicus. This, of course, will dispense with the necessity of 
an abdominal wall block. 


Control of the Blood-Pressure 

During a prostatectomy, under any anesthetic a fall in blood- 
pressure has been frequently observed during rapid decom- 
pression of the bladder and when the gland is enucleated. 
Moreover, when a spinal anzsthetic is used, there may be a 
significant fall in blood-pressure even though the analgesia only 
extends up to the tenth dorsal segment. Whatever the cause, a 
fall in blood-pressure which is allowed to persist may have 
serious consequences. Such a period of hypotension in patients 
who have an impaired circulatory system or whose renal func- 
tion has been damaged by back pressure may, in fact, prove fatal. 
We believe that this latter factor has been insufficiently appre- 
ciated in the past. Under normal conditions, the pressure in the 
renal artery is dependent upon the systemic blood-pressure. 
If this renal arterial tension is allowed to fall for any appreciable 
time, irreversible renal changes may result. It has been observed 
by us in the course of sixty prostatectomies that renal secretion 
will continue throughout the operation, provided that the 
patient’s blood-pressure is maintained at a level above the pre- 
operative diastolic. If, on the other hand, the systolic pressure 
is allowed to fall below the normal diastolic, urine formation 
ceases. Furthermore, if the systolic pressure is permitted to 
remain low there will be considerable anxiety in the post- 
operative period and a fatal result may ensue. Ina series in this 
Unit, of forty prostatectomies reported by Stock (1947), the 
only death occurred in a man aged seventy-five years who had 
hypertension (B.P. 220/110) and was in poor general condition. 
After a spinal anesthetic the systolic blood-pressure fell disas- 
trously to 60 mm. of mercury and did not recover. Death 
occurred twenty-four hours after operation. It seems, therefore, 
of paramount importance, whatever anesthetic may be used, to 
maintain the patient’s blood-pressure at a normal level. 

Most of the drugs recommended to maintain the blood- 
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Chart of blood-pressure and adrenalin (1/250,000) 
infusion rate in a patient undergoing prostatectomy 
under spinal anesthesia. Note the immediate fall in 
blood-pressure when drip stopped, and maintenance 
of blood-pressure without adrenalin at the end of 
the operation. 
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FIGURE 2 


Chart of blood-pressure, pulse, and adrenalin 


(1/250,000) infusion rates in a patient undergoing 
prostatectomy under spinal anesthesia. Dye excretion 
times during operation are indicated. Note that the 
dye excretion times during this long operative 


procedure remain normal. 
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pressure have effects which are both transient and disappoint- 
ing. Probably the most efficient of these is Methedrine. We do 
not, however, favour it, as the duration and degree of its effects 
are not completely predictable. Because of this it does not give 
perfect control of the blood-pressure. It may, moreover, have 
cumulative effects, and it causes cerebral irritation which may 
extend to the post-operative period. 

In 1944, Frankis Evans reported the successful maintenance of 
the blood-pressure after a spinal anzsthetic with a continuous 
intravenous infusion of adrenalin. After extensive use of the 
procedure in all types of cases we feel confident in recommend- 
ing it. Adrenalin given intravenously causes arteriolar and 
capillary constriction in the skin, mucous-membranes, and 
splanchnic viscera and vasodilation in muscle, including myo- 
cardium. The over-all effect following a single injection is a rise 
in both systolic and diastolic blood-pressure. The cardiac 
function is improved by coronary dilatation and the cerebral 
circulation is also increased. Its effects are very transient when 
given intravenously (Fig. 1). It therefore gives a very nice 
control of the blood-pressure, which may be sustained at any 
desired level by adjusting the rate of infusion. 


Method 

The technique we have employed has followed most closely 
that advocated by Frankis Evans. After the usual premedica- 
tion with atropine 1/1ooth gr. and morphia 1/6th gr., 0.3 to 0.5 
gm. of thiopentone is injected in 2%4 per cent solution. The 
patient is wheeled into the operating theatre and a sphygmo- 
manometer and brachial stethoscope placed in position; 1.4 cc. 
of heavy Nupercaine is injected intrathecally and the patient 
turned on to his back with his knees flexed on the abdomen. The 
table is lowered into a five-degree Trendelenberg position, which 
is maintained for five minutes. An intravenous infusion of 
1/250,000 adrenalin in normal saline is commenced in the arm. 
By adjusting the rate of infusion the patient’s blood-pressure is 
maintained at the normal level. Light narcosis is produced by 
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the injection from time to time, as required, of thiopentone in 
2.5 per cent solution, or of Kemithal in 5 per cent solution. The 
three-way tap originally described by Gray and Halton (1946) 
or its recent modification by Halton (1948) has been found to 
facilitate this technique and dispenses with the necessity of 
making frequent injections into the rubber tubing of the drip 
apparatus. After five minutes, when the legs are straightened, 
the shoulder-rests are adjusted and the patient prepared for 
operation. During the operation complete oxygenation is 
ensured by the intra-pharyngeal insufflation of oxygen through 
Tudor Edwards spectacles or a nasal catheter. 

It is more convenient to start the adrenalin infusion after the 
administration of the spinal rather than before as described by 
Frankis Evans. It has been found that if the transfusion is 
started first it makes the task of placing the unconscious patient 
in position for an intrathecal injection more difficult. No time, 
however, should be wasted and the adrenalin should be admin- 
istered as soon as possible. 

The operative technique practised in this series and ordinarily 
employed in the Unit is based on that advocated by Wilson Hey, 
and has been described by Stock (1947). The essential steps 
are as follows: 

(1) Suprapubic exposure of the prostate; 

(2) Dissection enucleation of the prostate with trigonec- 

tomy; 

(3) Hemostasis with diathermy and topical application of 

Gelfoam and Oxycel (Wells and Marcus, 1949) ; 

(4) Fixation of urethral tube with Harris’ stitch; 

(5) Complete closure of the bladder. 

As a rule the operation lasts approximately one hour, but in 
unusually difficult cases may take longer (Fig. 2). 


Results 
Spinal analgesia and the adrenalin drip ensure adequate 
relaxation. Bleeding from the prostatic bed is less than when 
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using other forms of anzsthesia. Blood transfusion has not been 
required. The absence of “ surgical shock ” has been striking. 

On return to the wards the patients are able to take sips of 
water, and within twelve hours a satisfactory fluid intake by the 
mouth is the rule. In uremic patients an intravenous drip is 
maintained for some days to ensure an adequate fluid intake. 

The results which have been obtained, using this method of 
anzsthesia, in patients of seventy or more years of age are tabu- 
lated in Table I. From this it will be seen that the ages range 
from 70 to 84, and that all the patients had a marked degree of 
arteriosclerosis. Eleven were, in addition, hypertensive. The 
average date of discharge was sixteen days after operation. Nine 
cases were admitted with acute or acute on chronic retention, 
and operated on as emergencies. Details of kidney functions 
are set out in Table II. The only death was in a man aged 
seventy-one who was in poor condition and also had a carcinoma 
of the colon. 


Discussion 

In recent years emphasis has been laid upon the importance 
of extrarenal factors in promoting renal function and prevent- 
ing azotemia. It is held that extrarenal azotemia itself damages 
the kidney, thereby decreasing the chances of recovering normal 
excretion. In addition, the work of Black (1941) shows that 
hemorrhage decreases renal blood-flow in man. This important 
observation has been extensively confirmed in animal experi- 
ments; van Slyke (1948) in his review on renal function during 
shock quotes results which show that when blood volume and 
cardiac output are reduced (as by hemorrhage) a dispropor- 
tionately greater fall occurs in renal blood-flow, which leads to 
anuria. Our own clinical observations agree with these findings. 
Thus in Cases 6 and 15 (Table II) no dye was excreted during 
operation when the blood-pressure had fallen to low levels due 
to failure to maintain the intravenous adrenalin drip. 

Where renal function is already impaired, diminution in 
renal blood-flow cannot be permitted without running the risk 
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TABLE II 


Dye excretion test. 6 cc. of 0.4 per cemt indigo carmine I.V. Time dye 
appeared in the urine noted in minutes. 








Case Before During After 
no. operation operation operation Remarks 
I _ 10 5 Admitted with acute reten- 
tion. 
2 10 10 8 
3 II 13 10 
4 7 50 5 
5 7 8 4 
6 oo re) Il Admitted with acute reten- 
tion. B.P. kept low until 
end of operation. 
7 3 6 3 
8 13 25 10 B.P. rather low but subse- 
sequently raised. 
9 _ 10 10 Admitted with acute reten- 
tion. 
10 o 35 20 Chronic retention. 43 ozs. 
residual urine. 
It -- 5 4 Admitted with acute reten- 
tion. 
12 5 6 5 
13 25 8 14 
14 —_ 5 6 Admitted with acute reten- 
tion. 
15 -- o 5 Admitted with acute reten- 
tion. Difficulty with drip. 
16 _ 8 6 Admitted with acute reten- 
tion. 
17 o 8 10 Chronic retention. 34 ozs. 
residual urine. 
18 — 20 8 Admitted with acute reten- 
tion. 
19 0 10 13 Chronic retention. 40 ozs. 
residual urine. 
20 5 14 _ Carcinoma colon. Died 


from hypostatic pneu- 
monia. 


It was impossible to do dye excretion tests in those patients admitted with acute 


retention of urine. 





of increasing the damage. In such cases we have shown that the 
adrenalin drip, by maintaining the systemic blood-pressure, 
ensures an adequate blood-flow through the kidneys during 
operation. As a result, excretion of urine continues unchecked; 


indeed, it is sometimes improved. 
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Summary 

Pentothal, spinal and adrenalin drip 1/250,000 was the anzs- 
thetic used in twenty patients aged seventy years and over. One 
death from hypostatic pneumonia occurred on the fourth post- 
operative day in a complicated case. 
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ANAESTHESIA FOR PERORAL ENDOSCOPY 


By T. DinsDALE, M.B., D.A. 
Anesthetist to Thoracic Surgical Unit, Baguley 


HE anasthetist working regularly in a thoracic unit has 

ample opportunity to evolve a satisfactory anzsthetic 
technique for bronchoscopy and cesophagoscopy, but to the 
occasional worker there are many pitfalls arising from the fact 
that both surgeon and anzsthetist are concerned with the 
respiratory system. 

Both local and general anzsthesia play an inter-related part, 
but as far as possible local anzsthesia should be used as there can 
be little anxiety over the maintenance of the airway in a conscious 
patient. 


The indications for general anesthesia are: 
(1) Inchildren. 


(2) As an adjunct to local anzsthesia in very nervous 
patients. 


(3) In muscular patients where there is some difficulty in 
obtaining relaxation of the jaw. 
Dyspnoea, whatever the cause, is a contra-indication to general 
anzsthesia. 


Local Anesthesia 


The two most effective drugs for surface anesthesia are cocaine 
and amethocaine. Though the toxicity of the latter is given’ 
as three times that of cocaine, it is usually used in concentrations 
of 1/5—1/10 of those of cocaine when employed for surface 
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anzsthesia. I have seen many toxic reactions to cocaine but only 
one to amethocaine, which occurred after an overdose and was 
in no way unpleasant to the patient nor disturbing to myself. 

As amethocaine anzsthesia is just as effective as that produced 
by cocaine and there does seem to be some evidence that the 
former is one of the safest analgesic agents known,’ it should 
everywhere replace cocaine. 

2—5 per cent larocaine is also reported to be an effective surface 
anzsthetic when used for bronchoscopy.° 


Technique for Bronchoscopy 

The patient has nothing to eat or drink for four hours before- 
hand. This is important, as patients who have had a cup of tea 
shortly before coming for examination are always “ wetter ” than 
those who have not. A normal fit adult is then given morphia 
gr. 4 and atropine gr. 1/100 three-quarters-of -an-hour before- 
hand. Atropine is used in preference to scopolamine on account 
of its more depressant action on the vagus. The first step in 
preparation then depends upon whether the atropine is acting 
fully or not. If the mouth be dry it is sprayed with 1 per cent 
amethocaine. When the taste has gone two further applications 
are given until the larynx can be sprayed without producing 
coughing. If the mouth be moist, due to the premedication 
having been given too recently, then local anesthesia by spraying 
will be ineffective. In this case a 1 gr. tablet of amethocaine is 
given to suck. 

The second step is to swab both pyriform fossae with a swab 
held in a pair of Krausze’s forceps. This renders the larynx 
insensitive by blocking the superior laryngeal nerves. The swab 
is kept in place for about a minute until moving it no longer 
produces “ gagging”. An intratracheal injection of 2 cc. of 1 
per cent amethocaine is now all that is required to complete the 
anesthesia. This may be administered by either of two methods. 
With the tongue held out the amethocaine is run into the pharynx 
during inspiration from a laryngeal syringe with a curved tube. 
By replacing the curved tube by a straight-cranked one with a 
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rubber tip, direct injection can be made through the cords via 
the laryngoscope. As soon as the liquid is in the trachea the 
patient is made to sit up and inhale deeply. 

Further surface anesthesia may be required in the region of 
the carina when the bronchoscope is in situ. 

For cesophagoscopy spraying the mouth and pharynx three 
times with amethocaine will produce adequate local anzsthesia. 

After any endoscopic examination the patient must have 
nothing to eat or drink until all sensation has returned. 


General Anesthesia 

If general anesthesia is being used for any of the reasons 
already mentioned it should be, as far as possible, only an adjunct 
to local anesthesia, and used to keep the patient asleep or relaxed. 
Where local anesthesia is omitted there is frequently some anxiety 
arising from laryngeal spasm during the recovery period. In 
children where local anesthesia must be omitted, deep general 
anzsthesia is used. Premedication is with either avertin and 
atropine, or seconal and atropine. Anesthesia is then 
induced with ethyl chloride and A.C.E. mixture, and broncho- 
scopy performed after all inflammable liquids have been removed 
from the theatre, by which time the gases being exhaled will be 
non-inflammable. Fifty per cent N.O-O, can be insufflated down 
the side tube of the bronchoscope. 

In adults d-tubocurarine chloride and thiopentone administered 
in the manner advocated by Gray and Halton‘ is very satisfactory. 
It is always desirable to administer the d-tubocurarine chloride 
before the induction of anesthesia, but if the patient be suffering 
from a chest disease with sputum it is absolutely imperative to 
wait until the drug is acting before administering thiopentone. 
If this precaution be neglected flooding may occur as conscious- 
ness is lost, when laryngeal spasm will be invoked, especially if 
local anzthesia has not been carried out or is imperfect. In this 
way patients have drowned before effective action could be taken. 

A Gordh’s needle is a useful accessory, as further intravenous 
injections may be required to be given in the darkness. 
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It is safer to pass a small firm nasotracheal tube before 
cesophagoscopy is performed under general anzsthesia to obviate 
the risk of pressure on the trachea. In children this can be caused 
by the use of too large an instrument. It will arise in children 
or adults if the neck is extended too far. 

Finally, both surgeon and anzsthetist should bear in mind the 


risk of cedema of the glottis following any laryngeal 
manipulation. 


May I express my gratitude to Dr. E. Falkner Hill for again 
giving me his help and the benefit of his wide experience. 
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RALPH MILTON WATERS: 
A BRIEF BIOGRAPHY 


By Noe A. GILLESPIE, D.M., F.F.A.R.C.S., D.A. 


Associate Professor of Anesthesia, University of 
Wisconsin 


ARDINESS, courage, vision and tenacity are virtues with 
which pioneers are usually endowed, and Dr. Ralph 
Waters is descended from pioneers on both sides of the family. 
In 1604 Richard Waters, a Londoner by birth, emigrated to 
Salem, Massachusetts: 206 years later his great-grandson, Abner, 
migrated westward to what is now north-eastern Ohio. Abner’s 
two sons joined him there, after a journey in a covered wagon 
drawn by two horses which lasted a month and three days. 
Incredible though it seems nowadays, in four days the sons had 
cut the necessary timber and built their house, and were occu- 
pied in moving in! The township of which these two home- 
steads were the first is now known as Gustavus, Ohio. Ralph 
Milton Waters is a great-grandson of this younger Abner. A 
similar inheritance is his on the distaff side, for his mother, 
Nettie Scott, was descended from a family of Scotts who 
migrated from Ipswich to found Ipswich, Massachusetts. They 
were among the first settlers of Hartford, Connecticut, and con- 
tributed several doctors and teachers to those early communities. 
Aaron Scott felt “‘ the call of the West” thirty years before 
Abner Waters, and in 1780 he migrated to “ The Connecticut 
Western Reserve”. The settlement which grew up in that 
vicinity was presently named Scottsburg in his honour. 
This was the background against which the infant Ralph 
made his appearance towards the end of the nineteenth century, 
at North Bloomfield, Ohio. Since he was the only son he 


assumed various duties for the home at an unusually early age. 
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Before he was seven, mounted on “ Juby ”, his black pony, with 
his faithful “‘ Rover” close at his heels, he was busy herding 
cows and sheep on the farm. Even then he exhibited the origin- 
ality later to become of great service to our specialty, when he 
harnessed a couple of pet lambs to a small cart and used them 
as the motive power with which to accomplish delivery of milk 
to the neighbours. 

North Bloomfield was an isolated place and Mrs. Nettie Scott 
Waters, herself a teacher, was worried about the education of 
the children. By the time Ralph was eight she prevailed upon 
her husband to move to Austinburg, Ohio, where there was an 
excellent school known as Grand River Institute. Here young 
Ralph lived his schooldays, mastered “ the three Rs” (the first 
of them by means of the “ McGuffey’s Readers” which were 
popular at that time), and probably acquired the taste for 
omnivorous reading which has stood him in such good stead. 

In 1903, he entered Adelbert College of Western Reserve 
University, and graduated in the liberal arts in 1907. He then 
proceeded to enter the school of medicine of Western Reserve 
University. During his years as a medical student he also 
worked as an orderly in other hospitals in Cleveland. Although 
at that time the teaching of medicine was probably less 
academic than it has now become, he may well owe much of 
his practical commonsense in matters medical to that experience. 
He served an internship at the German Hospital in Cleveland, 
and graduated M.D. in 1912. 

His preliminary training over, he moved westwards, as his 
forebears had done before him, to take up the general practice 
of medicine in Sioux City, in north-western Iowa in the spring 
of 1913. In October of that year he returned to Cleveland for 
his wedding to Louise Diehl. Such a vast number of anzs- 
thetists all over the world have enjoyed the hospitality of the 
Waters’ home that it is fitting here to pay a tribute to the never- 
failing kindness and grace of the hostess of the house. Those 
of us whose good fortune it has been to make closer acquain- 
tance and friendship can well appreciate the important part she 
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has played in helping her husband to a life of such constructive 
influence upon the work to which he has given himself. 

It was in Sioux City that this happened, not suddenly, or of 
set purpose, but rather “by gradual degrees”. In those days, 
though interested in anzsthesia, his main concern was obstet- 
rics. History shows, however, a consistent interest in anesthesia 
by obstetricians; and one, at least, has made an outstanding 
contribution to our specialty. Though it be a dereliction of a 
biographer’s duty to allow his victim to speak for himself, Dr. 
Waters (1946) has described those early days in a manner which 
cannot be equalled by anyone else: 

“In January 1913 I began the general practice of medicine 
in Sioux City, Iowa. There were roughly 65,000 people in the 
town and a hundred physicians, of whom some ninety-five 
performed surgical operations, at least occasionally. The 
temptation to become one of the ninety-five was too great for 
me to resist. Previous training and ability had nothing to do 
with qualifications. Whether one practised surgery or not 
seemed rather to depend upon having the nerve to attempt it 
and gaining the consent of the patient. A few more or less full- 
time surgeons, who were looked upon as specialists, employed 
nurses to administer ether in the mornings at hospitals and act 
as office nurses in the afternoons. A majority of us, ‘occasional’ 
surgeons, depended upon each other to act as anzsthetist as 
occasions demanded, or sometimes we ‘ borrowed’ the nurse- 
technician of one of our more glamorous surgical colleagues. 
Under these conditions, probably three reasons contributed to 
my early interest in, and special attention to anzsthesia. First, 
the results of anxsthesia which I observed were variable and 
offered something of a challenge. Second, extra-curricular 
experience in the administration of anzsthetics while a student 
in Cleveland, together with occasional opportunities to observe 
the use of nitrous oxide by the extremely skilful dentist, Charles 
K. Teter, had developed in me an unusual interest in the subject. 
And lastly, one of the more ‘ surgical ’ surgeons returned from 
an eastern trip in 1913 with a nitrous oxide apparatus (the first 
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in Sioux City) the use of which he offered to me in other cases 
if I would anzsthetize his patients. 

“ Thus, following 1913, began a period of special interest in 
anesthesia. A desire to study was the natural outcome of this 
enforced special interest, but I did not know of Hewitt’s or any 
other textbook nor had I seen a special journal dealing with the 
subject. It was with considerable joy, therefore, that I dis- 
covered the introductory number of the ‘Quarterly Supplement 
of Anesthesia and Analgesia’ appended to the October 1914 
issue of the American Journal of Surgery.” 

In this manner Ralph Waters became an anesthetist in Sioux 
City. By 1915 the subject occupied most of his attention. He 
had become aware of the writings of McKesson, and in the 
autumn of that year he paid a visit to Toledo. Not only did he 
learn much there, but a friendship was founded which endured. 
In later years he has repeatedly stressed his debt to McKesson, as 
well as his admiration for a man who could simultaneously 
command respect in commerce as well as in medicine. 

By 1916, the fact that he had joined the lowa National Guard 
caused an interruption in his medical work, for he was ordered 
to active duty as a lieutenant in the Medical Corps. Though he 
is reticent about that year, which was spent in Texas, one gathers 
that mules were his chief concern, and we may hazard the guess 
that his experiences in boyhood stood him in good stead. Of 
medical work there was little or none. 

It was on his return to Sioux City, at the end of 1916, that he 
made his decision to limit his work to the specialty of anzs- 
thesia. And this was when his interest in carbon dioxide and 
its absorption from anzsthetic mixtures began. He was aware, 
at that time, of the experimental use of such a technique by 
Professor Dennis Jackson; he knew of the work of Brindley 
and Foregger in 1908, when they used sodium peroxide in 
experiments to investigate the purification of the atmosphere 
in submarines; and he had seen an attempt by McKesson to fit 
a canister to one of his anzsthetic machines. He devised a 
simple canister, and, because he realized the importance of 
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eliminating “dead space” between the patient and the 
absorbent, he placed the canister as close as possible to the mask. 
Having found this apparatus satisfactory in his practice, he read 
a paper (Waters, 1924) on it in October 1923, at a meeting of 
McMechan’s Society, which by now was known as the National 
Anzsthesia Research Society, and which he had joined in 1917. 
The illustration of his apparatus, published in this paper, differs 
but little from the “ to and fro absorber ” of to-day. 

His first paper (Waters, 1919), however, was probably 
inspired by his conversations with McMechan, and implemented 
by the obvious need which came home to him daily in the course 
of his work. Its title is “ Why the Professional Anesthetist? ” 
British anesthetists often fail to realize that, even to-day, prob- 
ably more than half the anesthetics given in America are 
administered by nurses or others who do not possess a medical 
qualification. From the last of his remarks quoted above it is 
evident that in Sioux City Waters underwent the process, with 
which many of our generation are painfully familiar, of teaching 
himself to be an anzsthetist in the school of first-hand 
experience. This compelled him to observe carefully, and then 
to apply to his observations what he had learned of physiology, 
pathology, surgery and pharmacology. The difficulties 
encountered soon made him appreciate that the process was of 
necessity impossible for anyone who lacked a training in these 
fundamental subjects. He saw, however, that to attack the abuse 
by “ political” means was futile until sufficient medical men 
of adequate skill were available to meet the needs of an entire 
nation. The way to achieve this was not only to learn oneself, 
but then to impart the information to others. 

His second publication (Waters, 1919) describes the original 
way in which he met a pressing need in many communities. 
Dentists and aural surgeons, as well as general practitioners, are 
frequently compelled to perform operations which, though of 
a minor nature, demand anesthesia for a short period of time. 
The patients are usually in good health and need not lie in bed 
when once they are fully recovered from anesthesia, Waters, 
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therefore, provided a small operating suite for the purpose. In 
addition to the operating room itself there were small adjacent 
“ recovery wards ” in which a patient could lie on a cot under the 
supervision of a trained nurse, until sufficiently recovered to go 
home. This establishment, which he called “ The Down- 
town Anesthesia Clinic’, was at the disposal of his colleagues 
at such times as he was not occupied in the operating rooms of 
the local hospitals. 

In 1924 he accepted an invitation to take over the practice of 
an anzsthetist in Kansas City, Missouri; and thither the Waters 
family moved in the autumn of that year. By this time his two 
daughters were ten and eight respectively, and thus capable of 
taking charge, during the journey, of their brothers of four and 
two. Mrs. Waters tells how she supervised the exodus from a 
strategic position in the rear, carrying a canary in a cage! The 
three years in Kansas City were but a brief interlude between 
Sioux City and the later work at Madison; they consisted of the 
usual work of a consulting anzsthetist. The “ Downtown 
Clinic ” which had proved such a success in Sioux City was even 
more popular in the larger place. 

The old friendships with McMechan and McKesson were kept 
up, and his circle of acquaintances and friends continued to 
widen. While still in Sioux City he had met Albert Miller of 
Providence, who first directed his attention to the paralysis of 
intercostal muscles seen in deep anzsthesia. This had been 
recorded years earlier by Snow, though they did not realize the 
fact till later. It was at about this time, too, that he met Arthur 
Guedel, who was in practice at Indianapolis—not so very far 
away as American distances go! Though very different in 
temperament, they were drawn together by their common 
inclination to speculate as to the causes of phenomena they had 
observed in patients. Guedel was, at this time, still meditating 
that classification of the signs of anzsthesia with which his 
name is associated and of which he had first written in 1920. 
Waters was also interested in the subject because of his recent 
discussions with Miller and Guedel, and in 1926 he published a 
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short paper which states his view of the subject (Waters, 1926). 
It seems evident that during the three years in Kansas City his 
practice left him little time for writing. In Sioux City he had 
published ten papers in five years: only two appeared during 
his stay in Kansas City. 

Six hundred miles to the north a new medical school was 
coming gradually into being at Madison, the capital of Wis- 
consin. Waters had known the place for many years since his 
younger sister had married Professor Hastings, of the Depart- 
ment of Agricultural Bacteriology of the University of Wis- 
consin; and he had paid her periodical visits. Indeed, the earliest 
of these had been during his undergraduate days, and at that 
time, as a job during the summer, he helped to build one of the 
large office buildings near the Capitol Square. 

The medical school of Wisconsin was being gradually 
evolved by such men as J. S. Evans, C. R. Bardeen and R. C. 
Buercki. By 1927 the new State Hospital of over 700 beds had 
been built, and incumbents were being sought for the new 
whole-time professorial appointments in the clinical subjects. 
Wisconsin already possessed a distinguished staff in the pre- 
clinical subjects. The work of Meek, Gasser and Erlanger on 
circulatory physiopathology, and the researches of William 
Snow Miller on pulmonary histology are familiar to all 
medical men. A succession of brilliant pharmacologists— 
Loevenhart and Chauncey Leake, followed later by Tatum and 
Seevers, presently proved willing to devote much of their time 
and work to problems of anzsthesia. With a degree of vision 
far ahead of their time, the authorities decided to appoint a pro- 
fessional man as an anasthetist to the new hospital—in which, 
up till then, anesthetics had been administered by technicians. 
Waters was invited to come up for a visit, received a warm 
welcome from Dr. E. R. Schmidt, the Professor of Surgery, and 
was forthwith appointed Assistant Professor of Surgery in 
charge of anesthesia. He himself moved to Madison in February 
1927; Mrs. Waters and the children followed in the autumn. 

Since the department which he leads has occupied his efforts 
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for the past twenty-one years, and since it has proved to be the 
training-ground for twenty-seven heads of other departments 
(not to mention the innumerable guests who have found here 
an inspiration and a stimulus), we must now review the nature 
of that department and what it has accomplished. 

Already in Sioux City and later, Waters had applied and 
amplified the habit of keeping meticulous records which he 
had probably originally learned from McKesson. These were 
now made to include a summary of the patient’s condition 
before and after operation, and from the day of his arrival such 
records have been kept of every administration conducted by 
the department. The story has been told elsewhere (Chivers, 
1942) of how the suggestion of a resident, familiar with 
mechanical methods of book-keeping, led to the use of the 
system of punched-cards to make readily accessible the mass 
of data which has thus been accumulated through the years. 
In 1933 Rovenstine, while a member of the department, actually 
put into effect the suggestion which had been made in the 
previous year by Tovell and Dunn. I. B. Taylor and, later, 
W. A. Conroy took over this work from Rovenstine, and by 1937 
the American Society of Anesthetists had appointed a Com- 
mittee to standardize the system and the code for use through- 
out the nation. 

In Madison, the carbon dioxide absorption technique proved 
its worth in practice. So great was the saving of anzsthetic 
agents in the first six months that the hospital management 
became wholehearted supporters of the department! 

A plan for efficient instruction came early into being as the 
first residents—Wineland, Moffitt, and Rovenstine—assumed 
their duties. Two weekly meetings were decided upon: a “ Staff 
Meeting ” at which is to be reported the case of any patient who 
dies after being anesthetized, and any cases in which unusual 
phenomena have been observed during an administration. The 
younger members of the department are encouraged to describe 
technical difficulties encountered, and seek advice as to their 
management. All cases of consultation with other departments 
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are also to be reported then. Because it is good experience it 
has become the custom for the residents in turn to assume the 
Chair at these meetings. In an effort to curb our increasingly 
slipshod use of the language it has been decreed that he who 
has been in the Chair the previous week shall act as “ critic ” or 
“censor” the next week. It is his duty to take note of all 
solecisms, colloquialisms, or unparliamentary terms observed 
in the discourses of the participants; then at the end of the 
meeting to call the offenders to account. Though this be done 
half in jest, yet it has proved an efficient corrective to the use 
of medical jargon. 

The other weekly meeting is devoted to the current journals. 
Each resident is assigned about a dozen medical periodicals. It 
is his duty to read these, abstracting any articles which are 
pertinent to anesthesia. Each week a resident reports, giving 
his abstracts of the articles and his opinion as to their worth. 
He prepares a card which gives his summary of the article and 
his opinion of its value; and these cards constitute the depart- 
mental catalogue to the literature. At these meetings, whose 
atmosphere is one of good-fellowship, the Chief’s contribution 
is characteristic. Though often in the forefront of the argu- 
ment, he never plays Sir Oracle. Rather it is his pleasure to let 
hot young bloods debate vigorously their theories of how a 
case should have been conducted, while he listens tolerantly. 
When the battle of words subsides he is wont to say: “ Which all 
goes to show that there are many ways of skinning a cat.” As 
is well known, he feels strongly that particular agents and tech- 
niques matter much less than the skill with which they are 
used. 

From the very first he instituted a course of didactic lectures 
on artificial respiration for the students in their third year, and 
this has since evolved into a systematic course of fourteen 
lectures. In their fourth year, the students spend at least a week 
attached to the department, and during this time they partici- 
pate in all departmental activities, and administer anzsthetics 
under supervision. 
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The department is a fine example of benevolent autocracy. 
In patriarchal fashion “‘ the Chief” has always taken a keen 
interest in the personal well-being of his residents. Not only 
does he like to discuss with them the house to buy or the apart- 
ment to rent, but he will probably bring his car to help transport 
their effects and with his own hands help them to move. In the 
hospital no job is menial if it affects the well-being of a patient. 
Truly “ leading from in front”’ he has seen to it that, on certain 
occasions, every year, he takes an active part in all departmental 
“ chores”; thus proving in action that he is willing himself to 
do the work that he requires of us. For many years now he has 
“taken calls’ on New Year’s Eve in order that the younger 
people might remain at home. Not only has the Waters’ home 
been ever open to all members of the department, but on several 
occasions in the year all have been invited to an excellent meal 
and a jolly evening, during which the Chief would usually 
prove more than a match for the department's best exponent of 
ping-pong. A man of few hobbies, sports and games have not 
attracted him. Though endowed with skilful hands he prefers 
to use them in his own house or garden more productively than 
on golf-course or tennis-court—though he has played the former 
game. He enjoys a quiet walk in the country, either in human 
company, or with dog and pipe. His main relaxation is reading, 
history and biography being favourite subjects; and it is 
natural that he should have accumulated a fine collection of 
books and periodicals on anesthesia. Among the most treasured 
items are a copy of the original article by H. J. Bigelow in the 
Boston Medical and Surgical Journal for 1846; and the copy of 
John Snow’s On Chloroform, presented to him jointly by Drs. 
Blomfield and Macintosh and Mr. Charles King at the time of 
his visit to London. 

Since his own papers now number 102, it is clearly impossible 
here to do more than give a brief outline of his interests and 
his main contributions. In his early days in Madison he rapidly 
built up a close friendship with the anatomists, the physiologists 
and the pharmacologists. Chauncey Leake worked with him 
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on carbon dioxide. They showed convincingly (Leake, 1929) 
that Hickman had been right as to the anesthetic properties of 
this gas. 

When in 1927 tribromethyl alcohol was first recommended as 
an anzsthetic agent, he was one of its earliest users (Waters, 
1930). The records show that avertin was used rectally as a basal 
narcotic in Madison in November 1928. He also experimented 
with the intravenous route, and was much intrigued by the speed 
at which the drug is broken down in the body. Meantime, the 
carbon dioxide absorption technique was constantly used and 
perfected in the operating rooms at Madison; and much careful 
work was done in the laboratories to ascertain the ideal size of 
canister, and to improve the quality of soda-lime. Despite 
Sword’s introduction of the “circle” type of filter in 1930, 
Waters remained faithful to his more simple form of apparatus. 

Lucas and Henderson having, in 1928, suggested the cyclic 
hydrocarbon cyclopropane as an anzsthetic agent, it was care- 
fully studied in the pharmacological laboratory at Wisconsin. 
After tentative administrations to each other by the members of 
the department, Waters administered it for the first time to a 
patient in October 1930. From then on it was used more and 
more, and soon replaced ethylene altogether in the hospital. By 
1934 the departmental records were analysed, and the first 
clinical report of the new agent was published (Waters, 1934). 

Between 1927 and 1930, Guedel and Waters frequently visited 
each other. They were both interested in the endotracheal tech- 
nique, and the laboratories at Wisconsin provided excellent 
facilities for experimental work on dogs. In 1928, not knowing 
that such a contrivance had been in use much earlier, they advo- 
cated an inflatable cuff on an endotracheal tube (Waters, 1928). 
Another fruit of their research was the suggestion of the 
“closed endobronchial technique” (Gale, 1932); and in 1933 
a joint paper by Waters, Rovenstine and Guedel (1933) gave 
an excellent account of the history of endotracheal anzsthesia. 

The pharmacologists at Wisconsin had always been keenly 
interested in the derivatives of barbituric acid. Tatum and his 
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co-workers had studied their relation to toxic reactions to drugs of 
local analgesic action. Professor Tatum, under a research grant 
from Abbotts, received some Pentothal for investigation soon 
after its first manufacture. Some of this was administered by 
Waters to a patient in early 1934; and this may well have been 
the first administration to a human being. He, however, has 
never been a believer in intravenous anzsthesia; and therefore, 
though Pentothal and Evipan have been used regularly ever since 
their inception, it has usually been for basal narcosis, and that only 
in a few cases where there was a definite reason for their use. 

By 1934 the department had attracted a succession of guests 
from abroad. To them all Dr. and Mrs. Waters proved them- 
selves hosts of almost embarrassing kindness, and Mrs. Waters 
endured, without any sign of impatience, the innumerable 
evenings during which her husband talked “shop” about 
anzsthesia with his guests! 

It was, therefore, scarcely surprising that in 1936 the British 
Medical Association should have invited him to be their guest 
speaker at the annual meeting at Oxford. Britain was more 
anxious to hear about cyclopropane than was Waters to talk 
about it, but he delivered a masterly paper nevertheless (Waters, 
1936). 

After nine years of unremitting work this summer was 
intended to be a family holiday and the party consisted of eight 
persons. Except for the meeting of the B.M.A. at Oxford, the 
first three months were devoted to seeing as much as possible of 
England, Scotland, and the Continent. Waters made his 
pilgrimage to Paderborn, asa token of his respect for the memory 
of Sertiirner, and in London he searched for and found the 
neglected grave of John Snow in Old Brompton Cemetery. 

British anzsthetists were unable to resist the spell of his 
simplicity, his friendliness, his keenness and his erudition. They 
had all heard, vaguely, of John Snow, but took him for granted. 
It remained for an American to arouse them to the fundamental 
importance of Snow’s early contributions. During the meeting 
at Oxford his hosts begged for a demonstration of the use of 
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cyclopropane. Though it has always been his rule not to perform 
administrations outside his usual places of work, he broke the 
rule because it would have seemed churlish to refuse. Some who 
read this biography may still remember how perfect was that 
administration, even though no apparatus to his liking was at 
hand. It was the fruit of all those early years of experience with 
primitive equipment. All he used was an oval “cone” made 
by folding a newspaper; and one cylinder each of cyclopropane 
and oxygen. Each of these was provided with a piece of rubber 
tubing and a metal hook: there were no meters, and he estimated 
the flow of the gases by sound, feel and smell. Appendicectomy 
in a woman of 23 was the operation: it took an Oxford surgeon 
not much more than five minutes to perform it. One moment 
Waters was chatting quietly to the patient telling her what to do: 
it seemed that the next moment he was informing her that all 
was successfully over, and she was conversing naturally with 
him. In the few intervening moments the operating conditions 
had been all that the most exacting surgeon could demand. 

In September, whereas the rest of the family returned direct 
from Hamburg to New York, Dr. and Mrs. Waters and Elva 
came to spend a month in London for the “ busman’s ”’ portion 
of the holiday. He spent his time in the various hospitals in 
London watching the work and making new friends wherever 
he went. Just before he sailed he read another paper (Waters, 
1936) before the Section of Anzsthetics of the Royal Society of 
Medicine—of which he was made an honorary member that 
evening. His subject was one more congenial to him: “ The 
absorption of carbon dioxide from anzsthetic atmospheres ”’; 
and it was then that he made clear that, to him “ controlled 
respiration ” means only that variety of apncea which is due to 
hypocarbia.* 

By 1938 the American Board of Anesthesiology had been 
founded, for the purpose of certifying those specialists found to 


* This point is stressed because, of recent years, the term has been overworked 
and misused. When spontaneous respiration is inhibited by drugs which depress it, 
or by curare, ventilation is then achieved by artificial respiration. 

D 
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be competent by examination, and Waters became its second 
President in succession to T. D. Buchanan. Two years later, 
when at long last a Section of the American Medical Association 
was formed in the specialty, he became the first Chairman of 
that. It was also at this time that men from abroad began to 
serve residencies in the department. Torsten Gordh arrived from 
Stockholm, the first of four Swedish medical men to become 
the original consulting anzsthetists of that country; and India 
was represented by Barindra Sircar from Bombay. Since then 
Britain, China, Argentina, Finland, Mexico, Brazil, Peru and 
Uruguay have all contributed members to the service. 

During the years of war Waters was Chairman of the Sub- 
Committee on Anesthesia of the National Research Council. 
Madison was one of several centres asked to conduct courses of 
intensive training for medical officers to be assigned as 
anzsthetists. In all seventeen officers were trained in this way, 
the courses being fitted as best they might into the accelerated 
scheme of undergraduate medical training. He was largely 
instrumental in persuading his Sub-Committee jointly to produce 
the monograph “ Fundamentals ” for the instruction of students 
and medical officers. 

Research was not idle during this time. Having always been 
interested in methods of artificial ventilation of the lungs, some 
studies (Orth, 1945) were conducted on the efficiency of various 
machines for that purpose. Some of these were evaluated at the 
request of the Services. Stimulated by the sudden enthusiasm for 
the drug in England, partly because of military interest and 
partly at the request of Professor Jackson, some studies of 
trichlorethylene were conducted (Waters, 19433 Orth, 1945)- 
The results have caused us to differ from Hewer in our opinion 
of that drug, and led us to embark on a fresh series of experi- 
ments. The centenary year was approaching, and, with his keen 
historical interest, Waters’ thoughts naturally turned to the past 
century. For two decades and more American opinion had held 
that chloroform was “‘ too dangerous to be used”. It seemed 
obvious that this conclusion had been drawn from experience in 
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days when administration was perforce more crude than is the 
case now. Oxygen was not readily available, and anzsthetists 
were not very alive to respiratory obstruction and depression. He 
suggested, therefore, that the department should begin to use 
the drug again, behaying as though it had been recently dis- 
covered for the first time. Great pains were to be taken to make 
each administration physiologically sound, and we were to 
invoke the assistance of our colleagues in other departments to 
help us evaluate the results. This work still continues, and it is 
hoped that a monograph on the subject will shortly appear. 

In the last four years have come certain public and tangible 
tributes to his work. In 1944 he became the fourth recipient of 
the Henry Hill Hickman Medal—his old friend Arthur Guedel 
having been the third. In 1946 he was awarded the Irving S. 
Cutter Medal by his medical fraternity: Phi Rho Sigma. The 
citation which accompanied it reads: “ Not only has he con- 
tributed significantly to the art and science of anzsthesia; he 
has been a leader in the development among physicians of a 
truer perspective concerning this important specialty. To-day he 
speaks for anzsthetists and for thoughtful physicians the world 
over, in his insistence upon this specialty as a branch of medicine 
rather than as a technical craft.” On March 17th, 1947, on 
behalf of His Majesty the King of Sweden, the Swedish Consul- 
General presented Dr. Waters with the Order of Vasa, First 
Class. It was made clear at the time that this honour was in 
token of the thanks of the nation for the part he has played as 
the founder of a new specialty in Sweden. In 1948, he was elected 
to the newly-instituted Fellowship of the Faculty of Anzsthetists 
of the Royal College of Surgeons. 

Some years ago that versatile and original colleague, Dr. 
Geoffrey Kaye of Melbourne, was asked to write his impression 
of the department. His graphic picture is so true, concise and 
accurate that it is the most appropriate conclusion to this sketch: 

“You wished me to write a foreign visitor’s impressions of 
Madison. I sat down obediently to draft a short article on the 
subject, but I soon found that I was writing less about a Depart- 
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ment than about a man. It seemed more honest, therefore, to 
drop the camouflage of a department and to make the man the 
subject of the article. But, since he is not a Public Monument, 
but a very human being whom we know very well, my 
impressions naturally took their present informal shape. 

“I could begin by describing the atmosphere of activity and 
enthusiasm in Madison, the close co-operation between the 
Department of Anesthesia and the basic science laboratories, 
the pleasantly informal atmosphere which is yet compatible with 
true scientific discipline. But this description would be no less 
applicable to many departments of anzsthesia in the United 
States. The individuality of Madison has other causes, and 
reflects the personality of one man. 

“ The salient characteristic of Ralph Waters is his uncomprom- 
ising scientific honesty. To submit one’s work to his criticism is 
to emerge naked and ashamed, yet inspired to do better. I sent 
him a paper once. His comment in substance read ‘a bad article, 
and I am sorry you wrote it’. Yet even this stern criticism had 
no sting, for I knew him to be an equally severe critic of his own 
work. The visitor to his department may even feel that the 
emphasis is there put on the failures rather than the successes, 
so that final good may accrue. 

“ However candid, Ralph Waters is always terse, good-natured, 
and humorous in his comments, and he has little use for window- 
dressing. I sat with him once at a meeting. At the end of one 
paper, he withdrew his pipe from his mouth for the time 
necessary to remark ‘ However thin he slices it, it is still 
boloney ’. 

“He is a man of original mind; one meets in one’s lifetime 
very few people to whom that description may be applied. It 
might be as well to define what I mean by it. New discoveries 
in medicine can no longer be evolved (if indeed they ever could) 
complete and self-sufficient from the discoverer’s mind, like 
Venus rising from the foam. Rather does discovery rest upon 
the previous work of many men through many years. Originality 
of mind lies, to my thinking, in the ability to correlate a mass 
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of disconnected observations; to see, by logic or intuition, to what 
common goal they are tending; to deduce their practical corollary 
and turn it to account. If this be originality, it is a rare quality. 
Ralph Waters possesses it to a conspicuous degree. The evidence 
may be found in his classic work upon CO, metabolism in 
anesthesia, of which work both the CO, absorption technique 
and the clinical use of cyclopropane are the practical corollaries. 

“It may be that the bias of his department towards inhalational 
anzsthesia does less than justice to other methods, although 
many of us will be ready to offend (if offence it be) in his good 
company. There can be no doubt, however, that he has inspired 
in his department a high tradition based on the inquiring mind, 
the scientific approach, and absolute honesty as to results. His 
work upon CO, absorption and upon cyclopropane is already 
part of the literature of anzsthesia, but many of us would be 
willing to surrender what we have learnt from him in technique 
if we could retain his other lessons—to avoid self-complacency, 
to record one’s work, and to review the record with an honest 
and fearless mind. 

“I should be a bad Moslem, I fear, for I demand not one but 
many Meccas. Of my Meccas of anesthesia, however, Madison 
will ever remain amongst the most rewarding and the most 
revered. 

“Let me end with a parable. There was once a dealer of 
Grimsby in England who used to store live cod in tanks, until 
they could be sold to advantage on the London market. Having 
plenty of food and no work to get it, the cod became so lethargic 
that the Billingsgate fishmongers complained that their flesh was 
quite insipid. So the dealer placed a live dogfish in each tank. 
The.dogfish chased the cod around and gave them an interest 
in life, so that they arrived in London in excellent condition. 
The lethargy which afflicted the cod is paralleled in our work 
by laissez-faire and self-satisfaction: the dogfish is the symbol 
of Ralph Waters,” 
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REVIEWS 


Obstetric Analgesia and Anesthesia—T heir Effects upon Labor 
and the Child. FRaNKuIn F. SNYDER, M.D. pp. 401 and 114 
figures. W. B. Saunders Company, Philadelphia and 
London. Price 32s. 6d. 


One might be led to believe from the title of this book that 
it contains an account of the methods which may be used to 
produce analgesia and anasthesia in obstetrical cases. This is 
in fact far from true, as it is a treatise on the physiology of the 
foetal respiratory system, and on the pharmacological effects 
of certain drugs on the foetus and on the uterus of parturient 
women. It is surprising that a book dealing with obstetric 
analgesia published in 1949 should contain no mention of 
Trichlorethylene. 

The book is divided into two sections. Section I deals with 
respiratory injuries to the child, and contains a fascinating 
account of a series of experiments carried out on foetal rabbits. 
These experiments were carried out with the object of deter- 
mining the factors which influence the respiratory movements 
of the foetus which were described by Bancroft and his 
associates, and the resistance of the foetus at various stages of 
development to anoxia; there is also in this section an account 
of intra-uterine pulmonary pathology. 

Section II of the book deals with the pharmacology of a 
variety of drugs in relation to the foetus, and the activity of 
the uterus, but there is no mention of the way in which the 
drugs may be used, or of methods of producing anesthesia or 
analgesia. 

The author and his associates have done a tremendous amount 
of valuable experimental work on the subjects with which the 
book deals. For this reason this is an important book and 
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deserves to be widely read by anasthetists. There is, however, 
little in it which is likely to improve the standard of obstetrical 


analgesia and anzsthesia. 
G.J.R. 


Gas and Air Analgesia. (4th edition). R. J. MINNITT, M.D., 
CH.B., F.F.A.R.C.S., D.A. pp. 86 and 22 Illustrations. Bailliére 
Tindall and Cox, London. Price 5s. 


The fact that a fourth edition of this excellent little book has 
been found necessary shows how popular this small manual is. 
This popularity is thoroughly well deserved. The print is clear, 
the illustrations numerous and helpful for the understanding of 
the text. The reports from Drs. Elam and Garry leave no 
doubt that the method can be very successful in relieving the 
pain of birth; but it is essential that the conditions of success 
be exactly observed. They are antenatal instruction of the 
mother, enthusiasm on the part of the midwife and an apparatus 
always in first-class condition. Anasthetists in contrast to 
surgeons who have to be cruel to be kind are kind without being 
cruel; their natural bias is to the relief of pain, to the making 
of things tolerable, and among this kindly race of men Dr. 
Minnitt will always hold an honoured place for his work on gas 
and air analgesia. 


E.F.H. 


Elementary Anesthesia. W. N. Kemp, M.D.Cc.M. pp. xi + 289. 
100 Illustrations. Bailliére, Tindall and Cox, London. 


Price 275. 6d. 


Dr. Kemp’s book is exceedingly well got up, the arrange- 
ment is good and the print excellent. It is a pleasure to handle it. 
The word “‘ Elementary ” in the title is, however, somewhat mis- 
leading if “‘ Elementary ” means that it is for the beginner. It 
consists, as I suppose do most books on the subject, largely of the 
writer’s clinical impressions, and is of most interest to those 
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readers who have had sufficient experience to be able to compare 
Dr. Kemp’s clinical impressions with their own. But what is to 
happen when clinical impressions differ as they most certainly 
will? Clinical impressions are to their authors “ Confirmations 
strong as proofs of holy writ’, but to others they are apt to be 
but “ Trifles light as air”. 

In spite of a great deal of useful information, there are con- 
tradictions here, e.g. on page 213 Dr. Kemp refers to Etherington 
Wilson’s “Excellent technique” which, as is well known, 
consists of injecting a hypobaric solution in the sitting-up 
position; but on page 222 Dr. Kemp says, “ Spinocain and 
Durocain are 10 per cent solutions of procaine which have been 
made hypobaric by the addition of alcohol. Accordingly they 
must not be inserted with the patient in the sitting position ”, and 
stresses this injunction by putting the words in italics [quite 
rightly]. This is scarcely “ Elementary ” and is even puzzling 
to the experienced. 

E.F.H. 


Anesthetics for Medical Students. GoRDON OSTLERE, M.A., M.B., 
B.CHIR., D.A. pp. 108. J. & A. Churchill Ltd., London. 
Price 7s. 6d. 


In the Foreword to this handy little volume Langton Hewer 
writes: “Most textbooks are intolerably dull: this one is 
frequently amusing and for this reason alone should prove 
popular.” For this and many other reasons it is probable that the 
bulk of medical students will be grateful for Dr. Ostlere’s 
attempts to produce for them a book which is extremely readable, 
essentially practical in its teaching, and which lays stress on 
the important things leaving the more academic aspects of 
the subject to larger works. 

Clearly, Dr. Ostlere has made up his mind at least on what 
students should be taught, and he includes surprisingly a 
chapter on Endotracheal Anzsthesia. At a recent discussion at 
a meeting of the Royal Society of Medicine’s Anzsthetic 
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Section speakers were almost unanimously against such 
instruction for undergraduates. However, there is something 
to be said for the viewpoint that it is dangerous for anyone 
ever to give an anzsthetic who is not able to introduce an 
endotracheal tube if an emergency should occur. Nevertheless, 
surely only an extremist would teach “blind” intubation to 
the undergraduate. 

Full of sound teaching, good commonsense, trite and easily 
remembered instructions on what to do in critical circumstances, 
and amusing anecdotes found chiefly in the footnotes, this book 
is confidently recommended to those who have to teach in 


medical schools as well as to the students themselves. 
T.C.G. 


Anesthesia for the Poor Risk and Other Essays. Wituam W. 
MusHIN, M.A. (Oxon.), M.B., B.S., F.F.A.R.C.S., D.A. pp. 65. 
Blackwell Scientific Publications, Ltd., Oxford. Price 7s. 6d. 


The 65 pages of this little volume are a delight. They comprise 
28 essays written, as essays should be, in a light, even flippant, 
style which makes no demands on the reader. They yet manage 
to impart a deal of information, and are clearly the fruit of wide 
study, deep thought and maturity of judgment. It is seldom that 
one finds so much that needed to be said and so little that did 
not, within so small a compass. The prose is lively and well 
turned, particularly in the preface, which is a model of literary 
style; but it is marred occasionally by a journalese inversion of 
subject and predicate (e.g., of Pentothal: “ not so widely known 
are the risks which attend its use”’). 

Dr. Mushin ranges widely over the field, from ether to 
mechanical respirators, and from relaxation to reviving the dead; 
and there is no topic which he does not enliven. The essay on 
continuous caudal analgesia, in particular, is an admirable 
example of brevity and balance. His words on curare can be 
read with benefit by novice and expert alike. 
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His statement that few women in this country are not offered 
pain relief in labour is perhaps a little ahead of the times. 
Investigation has shown that in the country as a whole the 
proportion who are given it is only 42 per cent, and in some parts 
only 13 per cent. Admittedly, progress has been made in the 
three years since those figures were collected, but pain relief is 
still too seldom offered. 

In the essay on morphia and synthetic substitutes for it, the 
issue is clouded by a discussion of constipation; and many readers 
will be surprised to find no mention of Pethidine in this section. 

The student and the young anasthetist might be a little 
perturbed at the definition of anzsthesia as “a state midway 
between life and death”; but it is to the more experienced 
anzsthetist that this book will have the greatest appeal. They 
will find it thought-provoking, wise and entertaining. We hope 
that Dr. Mushin will find occasion to entertain us with another 
series of these essays. 

The printing and paper are unexceptionable, but the binding, 
in the two copies which the reviewer has seen, is below the 


standard we have learnt to expect from Blackwell’s. 
R.F.W. 


Anesthetics and the Patient. (Introduction to Science 15). 
GorDon OSTLERE, M.A., M.B., B.CHIR., D.A. pp. 166. Sigma 
Books Limited. Price 7s. 6d. net. 


Accepting Dr. Ostlere’s premise that it is a good thing to write 
a book on Anesthesia for the non-medical public, he has made a 
a successful effort. It is very readable and stresses the desirability, 
for the layman, of having a competent anzsthetist—a good thing; 
but if it tends to suggest to the patient that he should choose the 
anzsthetic rather than leave the choice to the anzsthetist it is 
not so good. That tendency is already too marked. A little 


learning, etc. 
It may be, as Dr. Ostlere says, that spinal anesthesia is passing 
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out of fashion; fashions are strange things. But to suggest, as he 
does on page 113, that if there is no one on hand competent to 
give a general anzsthetic, this incompetent should try his hand 
at a spinal, strikes me in much the same light as to suggest that a 
man who is too clumsy to be a butcher should try his hand at 
surgery. The knowledge and experience required for successful 
spinal anzsthesia is just as great as that required for general 
anzsthesia. If only the anesthetist will guarantee an open airway 
most patients can anzsthetize themselves and do it very well. I’ve 
never seen a patient who could give himself a spinal anesthetic. 


E.F.H. 
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